INTRODUCTION
Calcium-deficient hydroxyapatite (Ca-def HAp, Ca10-z(HPO4)z(PO4)6-z (OH)2-z, Z=0-1), which has lower Ca/P ratio than that of stoichiometric HAp (s-HAp, Ca10(PO4)6(OH)2, hexagonal, a=0.943 nm, c=0.688 nm, space group ; P63/m), is of greater biological interest than s-HAp since the Ca/P molar ratio in bone is lower than 1.67.
It has been suggested that Ca-def HAp plays important roles in several processes such as bone remodeling and bone formation 1 2 .
Various studies about Ca-def HAp have been carried out 3,4, 5, 6, 7 However, detailed structural information for Ca-def HAp is not enough, since structural change involving Ca ions deficiency from the HAp lattice is too slight to analyze, accurately.
Extended X-ray absorption fine structure (EXAFS) is the variation in the absorption coefficient of an element on the high-energy side of the X-ray absorption edge 8,9.
The variation is a result of the interference between a primary photoelectron wave emitted by an atom, on absorption of an X-ray photon and secondary back scattered from neighboring atom. The interwave depends on the precise geometry of the atomic environment around the emitting atom. Consequently, EXAFS can provide information on the coordination distance of atoms from the excited atom.
Therefore, EXAFS is one of most useful tool for structural analysis.
Harries and co-workers have investigated the EXAFS spectra of HAp 10 and shown qualitative difference in the structural environment around calcium in carbonated apatite 11.
The purpose of this study is to investigate the structural difference in s-HAp and Ca-def HAp. Especially, from EXAFS spectra of several Ca-def HAps with various Ca/P molar ratios, structural disorder resulting from deficiency of Ca ion is discussed in the present paper. (Fig 1(a) In addition, results of Ca/P molar ratio and UV-VIS spectra would suggest that Ca ions in the solution were taken into the vacancies in the lattice during the hydrothermal treatments.
MATERIALS AND METHODS

Synthesis
As described above, Ca-def HAp can be regarded as non-stoichiometric HAp with Ca-vacancies.
In the present study, the structural disorder resulting from Ca vacancies were investigated by EXAFS spectroscopy.
Ca-K edge XAFS (XANES and EXAFS) of stoichiometric HAp and Ca-def HAp
In XAFS spectra, the quality of spectra is so important, since the accuracy of quantitative analysis are strongly depended on the quality of the spectra. Fig.4 shows XAFS spectra of stoichometric hydroxyapatite. As shown in Fig.4 , the obtained XAFS spectra in the present study show good quality.
Background subtracted and normalized Ca K-edge XANES spectra of s-HAp obtained by hydrothermal treatment for 13days (the Ca/P molar ratio is 1.65) and Ca-def HAp HAp with Ca/P molar ratio of 1.54 are shown in Fig.5 .
It is confirmed that the peak intensity of XANES spectra in Ca-def HAp are weaker than that in s-HAp The main absorption are resulting from an electron transition from 1 s to 3p and spectra reflect to the structure and/or symmetry of the compound. Since there have been only a few studies discussing HAp structure using Ca-K edge XANES, the consensus on an interpretation for Ca K edge XANES is not established. However, for the peak intensity of K edge XANES, Minaki 16 reported that, in case of structural disorder was introduced by any reasons, broadening occurred in unocuupied 3p orbital and then an intensity of X-ray absorption due to electron transition 1 s to 3p will decrease. According to this report, it is considered that the reason that decreases of intensity in XANES spectra is why the distortions are introduced by deficiency of Ca ion in HAp lattice in Ca-def HAp. 
CONCUSION
The structural disorder in Ca-def HAp was investigated by mainly XANES and EXAFS spectroscopy.
Those findings in the present study are summarized as following.
(1) The Ca/P molar ratio in the sample obtained by the hydrothermal treatment increased linearly with increasing reaction time.
By hydrothermal treatment for 13days, the Ca/P molar ration in the sample increased up to 1.65 (2) UV-VIS absorption at 290nm appeared in Ca-def HAp and the peak intensities decreased with increasing Ca/P molar ratio in Ca-def HAp.
The UV-VIS absorption could be identified as intrinsic peak due to Ca vacancies in the HAp lattice.
(3) Intensity of background subtracted and normalized XANES spectra of Ca-def HAp was weaker than that of stoichiometric HAp The reason would be why the distortions are introduced by loosing of structure resulting from deficiency of Ca ion in HAp lattice.
(4) From EXAFS analysis of both Ca-def HAp and s-HAp, it was revealed that the coordination number of Ca ion in Ca-def HAp was lower than stoichiometric HAp and the Ca-O distance in Ca-def HAp became to be slightly longer than that of stoichiometric HAp Therefore, the structural disorder resulting from Ca vacancies would caused the extension of Ca-O distance in HAp structure.
